ABSTRACT
INTRODUCTION
During the past 20 years there has been verified a significant trend of increase in damage to electrical and in particular electronic equipment in Norway. Electric appliances repair workshops have often blamed overvoltages as the reason for the damage to the power transistor and other components in switch mode power supplies. When asking the manufacturer or national representative for a product about the immunity against voltage swells the answer is very often that they only guarantee that their equipment handle +10 % of the nominal voltage. Most manufacturers or national representatives are very reluctant to give information about what they expect the equipment can handle.
The observed trend can have three main causes:
 Increased disturbance levels in LV distribution systems  Reduced appliance immunity  Reduced general quality in appliances by means of poorer component quality and reduced life time
The PQ measurements carried out by SINTEF Energy Research over the last decades show an increase in LV rms voltage drops and in average LV rms voltages. [1] , [2] . One reason is that the deregulation of the electricity sector in Norway has caused stronger utilization of the distribution network by many network companies as they have stronger incentives to postpone investments. When the load in low voltage systems have increased over years, the network have not been strengthened. Utilities have to a larger extent made tap changes to the distribution transformer to increase the voltage so that the customers at the end of low voltage circuits shall not get to low voltages. In this way the voltage at the customers closest to the transformer have been increased towards the +10 % level and in a few cases above.
In a situation with supply voltages close to 230/400 V +10 % there are small margins for overvoltages (swell) due to capacitor bank switching, other switching operations, load shedding etc. This situation has been thought to be some of the explanation to the increase in damaged electrical appliances.
Another explanation is a possible reduced immunity to rms voltage variations and disturbances in the electrical appliances or even a lower general quality of electrical appliances that causes a larger number to get damaged without significant voltage variations at all.
As a response to the described situation and with the desire to know more about the electrical appliances immunity to voltage swells, a test was performed within the Power Quality Management project (PQM) [3] 
PERFORMING LABORATORY TESTS
The challenging part of the laboratory test was to get a large number of working electrical appliances in a cost effective way as some equipment was expected to be damaged during the tests. This was made possible through a deal with one of the large Norwegian warehouses. All equipment that was returned to the warehouse from the customers due to visual defects caused by e.g. transportation and handling was made available for the project by the warehouse. These defects were typically scratches or dents to the cabinet/paint, scratches or cracks in the screen etc and had no influence to the electrical operation of the appliances. Also made available for the laboratory tests was equipment that was fully operational/working that was returned for recycling due to the simple reason that the owner had bought a new product. The tested electrical appliances therefore ranged from brand new equipment up to approximately 10 year old ones. The lighting equipment are all brand new fluorescent tubes with electronic ballast.
This way of obtaining the test objects for a test with possible damage to the test objects gave us more freedom in presenting the test results than asking manufacturers or national representatives for a cooperation and willingness to supply electrical appliances for tests with possible damage to their electrical appliances.
The test voltage generator used for most of the test was a Haefely LFP 6.1 Interference tester. To be able to generate the highest voltages wanted for the test (320 V AC) a stepup transformer was connected on the generator output. Since the Haefely equipment was not able to generate voltage swells shorter than 1 second, an additional test circuit was made. This additional circuit was based on an adjustable timer controlling a contactor switching series connected impedances. With this circuit we were able to generate voltage swells with duration of 100 ms. The laboratory setup of is shown in figure 1. The voltage swell magnitudes used were: 230 V AC +12 %, +15 %, +18 %, +20 %, +25 %, +30 % and +40 %
The duration of the test overvoltages was: 100 ms, 1 s, 10 s and 100 s.
The increase of electrical stress to the tested electrical appliances was focused with priority for the shortest duration (100 ms). It was considered important not to damage the electrical appliances due to a 10 or 100 second long duration at a moderate overvoltage when it might withstand higher voltages with short duration.
Both the magnitude and the wave shape of the test voltage was monitored both by a digital storage oscilloscope and a voltmeter in addition to the output voltage display (and programming values) of the Haefely LFP 6.1 Interference tester. The tested electrical appliances was turned on and set to a normal operational state before the test was performed. Stereo Hi-Fi systems was playing music, Televisions sets showing a picture and having sound in the speaker, lighting equipment emitting light etc. In addition to testing for possible damage to the equipment, the operational state of the equipment was also evaluated. If lighting equipment turns off or Television stops showing a normal picture on the screen etc, this is noted as a malfunction due to the voltage swell.
TEST RESULTS
The test results are summarised in Even though a very high percentage of the tested electrical appliances do handle considerable increase in the rms voltage, at least for moderate durations the test also indicates that there are large variations between the different types (and models) of electrical appliances in terms of immunity to rms voltage swells. It must be expected that even with moderate overvoltages/voltage swells in the distribution system, a certain number of electrical appliances will get damaged. It is however interesting to see that such a high percentage of the electrical appliances do handle overvoltages so well even though they are considered low price to moderate price
